Diabetes mellitus is an endocrine disease that occurs as a result of an absolute or relative insulin deficiency, which leads to the defection of all types of metabolism. The appearance of this disease is predetermined by the influence of various exogenous, immune, endocrine and genetic factors or by their combination [1] . Regardless of its mechanism, the insulin deficiency leads to carbohydrates metabolism disorders at the first place, which leads to hyperglycemia. Glucose accumulation in blood leads to glycolysis and TCA intensification that results in an intensified work of electron transport chain in mitochondria. A membrane potential rises to a critical point that causes a block of a III mitochondrial complex, an electron from coenzyme-Q10 passes on to an oxygen molecule and a superoxide anion (·O 2 ) is being formed [2] . In a state of hyper-ОРИГІНАЛЬНІ ДОСЛІДЖЕННЯ ISSN 2410-681X. Медична та клінічна хімія. 2017. Т. 19 . № 1 glycemia a mitochondrial superoxide dismutase (Mn-SOD) cannot cope with the excess of the superoxide anions and the oxidative stress begins. Superoxide anion converts to the hydroxyl-radical, hydrogen peroxide and peroxynitrite after interaction with other compounds [3, 4] . The oxidative stress goes along with proteins nitrification, lipids peroxidation, DNA fragmentation, changes of cell signaling, activation of PARP-1, which results in metabolism and mechanisms of cell signaling disorders that are typical for diabetes complications [3] . As a result of pathological changes that occur under the condition of diabetes a lower glucose intake from blood, a local decrease of intracellular glucose reserve in a form of glycogen and triacylglycerides, an energetic depletion of the organism are seen. Altogether it leads to energy substrates deficiency that directly correlates with defense systems efficiency, in particular of the antioxidant one [5] . The antioxidant defense system controls and restrains all stages of free radical reactions starting with their initiation and up to the hydroperoxides and malondialdehyde formation [6] [7] [8] .
Since the diabetes mellitus is a genetically predetermined disease, preventive measures to postpone the onset of the disease or to avert its appearance are especially important for people from risk group. That is why it is so important to evaluate role of some microelements in diabetes prevention. In particular, it is known that zinc plays an important role in insulin synthesis, accumulation and release by β-cells in pancreas, while its synergist chromium activates insulin receptors on cell membranes.
Therefore, the aim of our research was to establish the effect of chromium and zinc citrates on the functioning of antioxidant system and on the content of lipid peroxidation products in rats' blood and tissues under the condition of experimental streptozotocin-induced diabetes mellitus.
MATERIALS AND METHODS. The research was implemented on white laboratory rats, which were held in the Institute of Animal Biology of NAAS vivarium. It was completed in accordance to recommendations, approved by European Convention on vertebrate protection, used for experimental and scientific purposes (Strasburg 1986), and to "Bioethical expertise of preclinical and other scientific researches, implemented on animals (Kyiv, 2006) . Animals with body weight from 150 to 170 g were divided into three groups, each consisted of 7 animals: 1 -the control group, 2, 3 -research groups. For 30 days of the research rats from the 1 and 2 groups received only basic ration, while chromium and zinc citrates solutions were added to the water of animals from group 3 in 25 mcg Cr/kg and 50 mg zn/kg body weight dosage. An experimental diabetes mellitus (EDM) was induced in animals from 2 and 3 research groups on the 25 th day of the experiment, after 24-hour fasting, by intraperitoneal injection of Streptozotocin ("Sigma", USA) in 45 mg/kg bodyweight dosage. Hyperglycemia was detected using portable glucose meter ("Gamma-M"), by measuring sugar level in blood taken from the tail vein. The animals were withdrawn from the experiment by means of decapitation under light ether anesthesia. Materials for the research were rats' blood and homogenates of liver, skeletal muscles and pancreas, in which the content of lipid peroxidation products and the activity of antioxidant defense enzymes were measured.
The content of lipid hydroperoxides in blood and tissues was determined by a method that requires protein sedimentation by a trichloroacetic acid (TCA) and further addition of ammonium thiocyanate to the solution [9] . The MDA content was measured by means of a colored reaction of malondialdehyde with the thiobarbituric acid [10] . The activity of superoxide dismutase (SOD, EC 1.1.15.1.) was determined by a method where nitrotetrazolium is reduced by superoxide radicals [11] . Glutathione peroxidase's activity (GP, EC 1.11.1.9.) was measured by the speed of reduced glutathione oxidation [12] . The activity of catalase (EC 1.11.1.6.) was measured by hydrogen peroxide's ability to form a stable colored complex with molybdenum salts [13] . The activity of glutathione reductase (GR, EC 1.6.4.2) was measured by a speed of glutathione reduction in the presence of NADPH [14] . The content of reduced glutathione was gauged by the level of thionitrophenol anion formation as a result of SHgroups of glutathione and 5.5'-dithiobis-(2-nitrobenzoic acid) reaction [15] .
The received digital data was statistically processed using a computer program "Statistika". Student's test was used to determine significant difference between averages. RESULTS AND DISCUSSION. In the process of the research it was established that under the condition of streptozotocin-induced diabetes the content of lipid hydroperoxides was increased in 1.9 times in blood of rats from group 2 (tab. 1), while the content of MDA didn't change credibly, but the activity of SOD was decreased in 1.2 times and of glutathione peroxidase in 1.4 times. Also, the tendency to decreased level of reduced glutathione and glutathione reductase was observed in these animals compared to the control group (tab. 1). This indicates lipid peroxidation induction and the decreased activity of antioxidant system enzymes in a state of diabetes.
The credible decrease of hydroperoxides content in blood in 1.8 times was established under the condition of complex addition of chromium and zinc citrates to the ration of rats from group 3, but the SOD's activity was increased in 1.2 times, glutathione peroxidase's activity -in 1.7 times and the content of reduced glutathione -in 1.4 times compared to those indexes in group 2. At the same time the activity of glutathione peroxidase and the content of reduced glutathione were increased in 1.2 times compared to the control group (tab. 1).
The received results confirm the normalization of lipid peroxidation processes in blood and the increase of antioxidant defense system enzymes under the influence of chromium and zinc citrates.
The liver maintains the constant glucose blood level. It was established that the content of MDA in rats' liver from group 2 (tab. 2) was increased in 1.4 times, but the content of reduced glutathione was decreased in 2.7 times, also activities of glutathione peroxidase and glutathione reductase were decreased in 1.4 and 1.9 times respectively. Also the tendency to increased level of lipid hydroperoxides and catalase's activity, while the tendency to decreased level of SOD activity were observed in a researched tissue, compared to animals from the control group, although these changes were not credible. But it was established that the content of MDA in rats' liver from group 3 was decreased in 1.7 times, but the content of reduced glutathione was increased in 2.3 times, also activities of SOD, glutathione peroxidase and glutathione reductase were increased in 1.4 and 1.6 times respectively, compared with animals from group 2. Besides that a credible decrease of MDA content and increase of SOD's, catalase's and glutathione peroxidase's activities were observed, compared to animals from the control group.
It is established that in a physiological state under the clear insulin regulation muscle tissue is one of the main glucose consumers. We detected a credible increase of lipid hydroperoxides content in 3.1 times, MDA content in 1.4 times, but the decrease of SOD's, catalase's, glutathione peroxidase's and glutathione reductase's activities in 1.2, 1.6, 2.0 and 2.3 times respectively in the muscle tissue of rats from group 2 compared to those indexes in animals from the 1 (control) group (tab. 3).
Since the muscle tissue is an insulin sensitive tissue, in a state of diabetes the speed of glucose phosphorylation to the glucose 6-phosphate is decreased, as a result the intensity of lipolysis rises as well as the content of free unsaturated fatty acids that can be oxidated in a process of lipid peroxidation. The increase of lipid peroxidation products in a state of diabetes is also related to the modification of antioxidant enzymes by the active oxygen and glucose.
With the addition of Cr and zn citrates to rats' ration from group III a decrease of lipid hydroperoxides content in 2 times and MDA content in 1.2 times was observed, but the activities of SOD, glutathione peroxidase, glutathione reductase were increased in 1.3, 1.8 and 2.9 times respectively, compared to those indexes in animals from group 2. Besides that a credible decrease of catalase's activity in 1.2 times was established in group 3 compared to the group 1 (control).
Pancreas is a complex alveolar gland with both exocrine (excretory) and endocrine (incretory) functions [1] . Regardless of the extent of compensation of the diabetes there is a direct correlation between the intensity of free radical oxidation, dyslipidemia and triglyceridemia that impact negatively on the functional activity of β-cells [16] [17] [18] . Active forms of oxygen oxidate phospholipids of mitochondrial membranes in β-cells in pancreas, which leads to the outflow of protons from the electron transport chain and the decreased ATP production that is a critical factor in the process of insulin synthesis [19] . The oxidative modification of proteins and lipid peroxidation are closely connected and form the pathological circle which leads to the oxidative stress progression in pancreatic cells.
It was established in the research that in rats' pancreas from group 2 contents of hydroperoxides and MDA were increased in 2 and 1.9 times respectively compared to the control group (tab. 4). At the same time with the complex addition of chromium and zinc citrates their content in rats' pancreas from group 3 was decreased in 1.6 and 1.8 times respectively, compared to animals from group 2.
The decrease of SOD activity in 2.4 times, the content of reduced glutathione in 2.0 times, glutathione peroxidase and glutathione reductase activities in 1.3 and 1.4 times respectively were observed in rats' pancreas from group 2, although the activity of catalase was increased in 1.3 times compared to those indexes in animals from the control group.
Superoxide dismutase is a key enzyme of the antioxidant defense system, it dissactivates one of active oxygen forms -superoxide radical (O 2 -) with the formation of hydrogen peroxide [6, 7] . The de- Overall, the decreased activity of antioxidant defense system enzymes in blood, as well as in researched tissues, in animals from group 2 under the condition of experimental diabetes is conditioned by depletion of their reserves that are consumed for the neutralization of free radicals. The decreased concentration of GSH is related not only with its intensified consumption and insufficient reduction (namely with the change of glutathione peroxidase and glutathione reductase activities) but also with the defection of glutathione synthesis and interchange.
The decrease of lipid hydroperoxides and MDA content in rats blood and tissues from group 3 under the influence of zinc and chromium citrates indicate the inhibitory effect of researched elements (with the increment usage) on lipid peroxidation processes in blood, liver, muscles and pancreas -organs, that are characterized by a high metabolic activity. The explanation of mechanisms of chromium and zinc inhibitory effect on peroxidation processes in rats' blood and tissues should be sought in the activation of glutathione-dependent antioxidant enzyme system, which neutralizes lipid peroxides and maintains the reduced condition of SH-groups of proteins and therefore assures their functional activity [20] .
Antioxidant effect of Cr (3) may be conditioned by its ability to regulate expression of antioxidant enzymes' genes [21] . The activation of redoxsensitive genes of antioxidant enzymes that are necessary for the cell defense from toxic effect of oxidative stress occurs with the aid of active oxygen forms. Main regulatory system in the cell that controls genes expression with the aid of active oxygen forms is presented by МАР (Mitogen-Activated Protein)-kinases. Active oxygen forms stimulate a cascade of MAP-kinases and regulate the activity of transcription factors NF-kB, AP-1 і ATF-2 [22] . After conducted analysis of literature data and the results of our research we have a basis to affirm that chromium affects the synthesis of antioxidant enzymes by the means of MAP-kinases' activity regulation. Besides that, the activity of antioxidant system enzymes may change because of Chromium effect on cofactors content and physiological accessibility.
One of important zinc functions is its participation in antioxidant defense system [23, 24] . zinc can activate synthesis of Cu/zn-dependent SOD in liver [25] . zinc can compete with Iron and Copper, as its antagonists, for connections with cell membranes and reduce free radicals formation, hence implement a direct antioxidant effect [26] . Also, zinc can protect SH-groups of proteins by means of direct connection with them or by dimensional hindering for binding with any other protein sites that are in a close proximity to SH-groups. zinc has the ability to lessen the damage of cells that already have elements of site-specific oxidative damage.
Despite that proves of antioxidant properties of zn and Cr are persuasive, the exact mechanisms are still recondite. Further researches will allow revealing mechanisms of antioxidant properties of Cr and zn better and this will provide an opportunity to ascertain new properties of organic compounds of these microelements and to elaborate new medication for the prevention and treatment of diabetes mellitus. 
